ight heart failure because of tricuspid regurgitation (TR) after permanent pacemaker (PPM) has been reported. [1] [2] [3] [4] [5] [6] Conventional 2-dimensional (D) echocardiography (echo), though very important for detecting TR, is quite limited in depicting the precise anatomical relationship between the tricuspid leaflets and PPM lead shaft. 2 This relationship may determine the pathogenesis of TR and realization of it may help determine the policy of management. In this report, with the assistance of 3D echo, the structure of the tricuspid valve, its incompetence and the entrapment of the PPM lead shaft in the valve were precisely delineated.
mitral regurgitation. The RV, RA and inferior vena cava were dilated, and RV function was normal ( Fig 1A) . Tethering of the septal leaflet of tricuspid valve was observed, together with no coaptation of thes leaflets, thus causing severe TR (Fig 1B) . The maximal area of TR was 42.1 cm 2 and that of RA 64.6 cm 2 . The transtricuspid systolic pressure gradient was 12 mmHg. However, the relationship between the tricuspid valve and the PPM lead could not be observed on the multiple views of 2D echo (Figs 1C, D) .
After being cropped in from the apex toward the base, the full-volume 3D echo showed that the shaft of the PPM lead was entrapped in the thickened, fibrotic and fused posterior and septal leaflets (Fig 2A) , which could not coapt during systole, and the vena contracta was well seen (Fig 2A, arrowhead) . During diastole, the anterior tricuspid leaflet opened freely. The anterior two-thirds of the septal leaflet was tethered, but not fixed, and could be pushed open slightly. The remaining one-third of the septal leaflet and the entire posterior leaflet was thickened, tethered and frozen (Fig 2B) . When the full-volume 3D pyramid was cropped in from the RV free wall, the entrapment of the PPM shaft in the fused septal and posterior leaflets and the free movements of anterior tricuspid leaflet were noted clearly during the cardiac cycle ( Figs 2C,D) .
During operation, the PPM lead was found to be encapsulated in fibrotic tissue and severely adherent to the fused commissural areas of the septal and posterior leaflets (Fig 3A) . Additionally, there was a very small atrialized area of the basal septal part of the RV, indicative of a mild form of Ebstein anomaly (Fig 3A: asterisk) . Tricuspid valve repair was performed with partial plication of the atrialized RV in the septal region, followed by annuloplasty (Fig 3B) . The repeated 2D echo showed good coaptation of tricuspid leaflets with mild TR at 1 week after operation. Symptoms of right-heart failure improved significantly after operation and the patient was discharged 2 weeks later.
Discussion
Significant TR because of tricuspid malfunction caused by PPM leads is occasionally observed, 1-5 although its true incidence is unknown. The mechanisms of PPM-related TR include leaflet perforation or laceration, interference of coaptation by the lead, asynchronous RV activation from apex to base, and entrapment and encapsulation of the PPM lead by scar tissue. [1] [2] [3] [4] [5] [6] Panigua et al 5 have reported an increased incidence of moderate-to-severe TR in patients with transvenous PPM compared with age-and sex-matched controls, and they suggested that PPM lead may aggravate TR. This phenomenon was noted in the present patient, who had moderate TR before placement of the PPM and in whom the symptoms of right-heart failure appeared gradually 6 years later.
The management of this tricuspid malfunction includes removal of the PPM leads by extraction 7, 8 and surgery. 2 McCarthy et al have reported a 30-day operative mortality of 6% for tricuspid valve replacement. 9 Therefore, surgery for TR caused by a PPM lead remains controversial and depends on the clinical situation. However, the nonsurgical removal of a chronic PPM lead is risky and sometimes fatal. Nonfatal complications, such as ventricular arrhythmia, lead fragmentation, myocardial avulsion, hemopericardium and pulmonary embolism can occur. 8 Most of the complications are associated with the difficulty of emancipating the leads from adhesion or scar tissue. 8 Therefore, it would be enormously helpful for the therapeutic decisionmaking process to delineate the cardiac structure as well as the PPM lead, particularly around the tricuspid leaflets.
Using conventional transthoracic 2D echo, Lin et al found that the PPM-caused tricuspid malfunction could only be diagnosed preoperatively in 5 of 41 patients (12%) who underwent operation for PPM-related TR. 2 That means that conventional transthoracic 2D echo is quite limited in its ability to assess tricuspid structure and its relationship to the PPM leads. The visualization of the tricuspid valve on a 2D echo can be difficult because only 2 leaflets can be shown simultaneously in the atypical parasternal view and the posterior leaflet could only be seen on the RV 2-chambered view. Schnabel et al have shown that transthoracic real-time 3D echo enabled better assessment of the whole tricuspid valve, with a satisfactory inter-rater agreement. 10 In the present study, the morphology of the whole tricuspid valve could not be depicted well on 2D echo. Although we attempted to trace the entire path of the PPM lead from various views, the relationship between the lead and the tricuspid apparatus remained unidentifiable. Fortunately, real-time 3D echo provided excellent visualization of the tricuspid leaflets and the lead. By cropping the full-volume imaging pyramid in from the RV apex toward the base and RV free wall, the following were clearly observed: (1) the encapsulation and entrapment of the PPM lead by thick and fibrotic septal and posterior tricuspid leaflets, (2) the structure of the whole tricuspid valve and the movement of each leaflet and (3) the incompetent area of the tricuspid valve. The patient was sent for surgery based on these findings, which were all confirmed at operation.
Conclusion
In addition to the anatomical and hemodynamic information obtained from conventional 2D echo, this case report has shown that real-time 3D echo can be very valuable in cases of PPM-related TR for depicting both the anatomical structure of the tricuspid valve and its relationship with the PPM lead. Such an assessment also contributes significantly to decision-making for further management. 
